According to FUJITA (1957) and TAKUMA (1960) , the structure of the dentinal tubule wall in human dentin has been studied by KOLLIKER, NEUMANN, WALKHOFF, FLEISCHMANN, HANAZAWA, MEYER and ORBAN. Recently, TAKUMA and TSUCHIKURA (1950) found by means of the electron microscope that the dentinal tubules were lined with a hypercalcified area, and designated it as peritubular hypercalcified matrix. This area was also described as peritubular hypercalcified zone or ring by SHROFF, BERTAUD (1954 and 1956) , FEARNHEAD (1957) and FRANK (1959) who studied it with the electron microscope. The last mentioned author was able to show the zone in a very thin undecalcified section of human dentin. MILLER (1954) , BERGMAN and ENGFELDT (1955) , AMPRINO and CAMANNI (1956) , BLAKE (1958) , VAN HUYSEN (1961) and ATKINSON and HARCOURT (1961) also studied the hypercalcified zone with a historadiographic method. BERGMAN ane ENGFELDT (1955) , ROCKERT (1956) , BLAKE (1958) and BRADFORD (1958) reported that the occurrence of the zone was due to aging. However, the corresponding zone was also recognized in the dentin of young people by TAKUMA (1960), NALBANDIAN et al. (1960) and VAN HUYSEN (1961) . BLAKE (1958) , TAKUMA (1958) and ATKINSON and HARCOURT (1961) did not find the peritubular hypercalcified zone in some parts of the dentin. HARCOURT (1964) detected well developed peritubular hypercalcified zones in sclerotic and translucent human dentins and ascribed them a role of protection for the tooth pulp. It was thought by ISOKAWA et al. (1964) that the peritubular hypercalcified zone was a true structure in human adult dentin.
As for the peritubular area of animals, however, the available literature comprises only a limited number of historadiographic studies (ISOKAWA et al. 1964; BLAKE, 1958; TAKUMA and his group, 1950 TAKUMA and his group, , 1958 TAKUMA and his group, , 1960 . It is the purpose of this study to examine by means of a historadiographic method the peritubular zones of the dentin in a larger variety of mammals.
Meterials and Methods
Teeth of young and adult individuals of 18 species of mammalia (Table 1) were used in this study. The materials included deciduous teeth from fetuses of three species, mature deciduous teeth from young dogs and cats and permanent teeth from the adults of 17 species. The crown and root dentins of anterior (incisor or canine) and posterior (premolar or molar) teeth of these animals were used. However, only a few young animal teeth were prepared for this study, because it was very difficult to obtain them. In some animals an anterior or a posterior tooth was only available. 
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Observations
Observation was carried out to examine whether or not the peritubular hypercalcified zone occurred as a normal structure in the mammalian dentin.
As the result, it became obvious that the zone was to be recognized in almost all of the animal teeth used in this study. Dentin without peritubular Table  1 . A list of materials 
Permanent tooth dentin
As shown in Table 2 , the crown dentin of the horse (Equus caballus) and deer (Hydropotes inermis argyropus) were provided with conspicuous peritubular hypercalcified zones (Fig. 1, 2) . The peritubular zones in crown dentin of many animals in- eluding the pig (Sus scrofa), seal (Phoca vitulina), bovine (Capra hircus) and chimpanzee (Anthropopithecus niger) were comparatively well developed (Fig. 3, 4) . No peritubular zone was found in the incisor dentin of the rabbit (Oryctolagus cuniculus) and nutria (Myocastor coypus) (Fig. 5) . As the teeth of the dolphin (Delphinus delphis) are homodontal they could not be classified into anterior and posterior teeth. The historadiographs of their crown and root dentins showed the existence of peritubular zones (Fig. 6) .
Within a tooth of an animal, it was observed that the hypercalcified zones of dentinal tubules in root dentin were slightly thinner than those of crown dentin (Fig.   7, 8 ). Between the anterior and posterior tooth dentins of each animal, no differences in the development of the peritubular hypercalcified zones were recognized (Fig. 3, 8) .
The peritubular zones of the dog (Canis familiaris) and cat (Felis domestica) appeared to be not so well demarcated when compared with those of the other animals ( Fig. 8,  9 ). However, the zones in older mammals were more clear by demarcated than those of the younger (Fig. 10, 11 ).
Deciduous tooth dentin
The dentinal tubules of mature deciduous tooth dentin, examined only in the dog and cat, revealed peritubular hypercalcified zones as distinct as those of permanent tooth dentin in these animals (Fig. 9, 12) . The coronal dentinal tubules in developing teeth of deer, bovine and goat (Capra hircus) also showed well formed peritubular hypercalcified zones (Fig. 13, 14) . The roots of the teeth had not been formed. Discussion YAMAMOTO (1957) studied the dentins of some mammalia by electron microscopy and historadiography and reported that the peritubular hypercalcified zone in the dentins of the horse, elephant and giraff could be clearly recognized.
Historadiographs of this zone in the dentin of several mammals were shown in a paper published by YAMAMOTO (1957) . BRADFORD (1958) found the zone in some but not all mammals he examined. EDA (1960, 1965 ) also reported some mammals having no peritubular hypercalcified zones of dentin. They also observed the peritubular structure of horse dentinal tubules with electron microscopic, historadiographic and histochemical techniques. The dentins of some osseous fishes were observed with a historadiographic technique by ISOKAWA and his coworkers (1964). They recognized no calcified zones around the dentinal tubules of the fish dentin and postulated that this might be generally true in polyphyodontal animals. They also believed that the peritubular hypercalcified zone was found in all mammalian dentin, Occurrence of the hypercalcified zone was interpreted as an aging reaction of the dentinal tubules in the studies of BERGMAN and ENGFELDT (1955) , ROCKERT (1956) and BLAKE (1958) . VAN HUYSEN (1961) , on the other hand, recognized the peritubular hypercalcified zones in human young dentin and thus confirmed the formation of the zones in an early stage of dentinogenesis.
The present study did not reveal any evidence that the peritubular hypercalcified zones were not normal structures of mammalian dentin. However, in this study the dentins of rabbit and nutria did not show any peritubular calcification. Neither SERA (unpublished work) recognized any peritubular hypercalcified zones in the incisor dentin of some rodents. It may be supposed that the peritubular hypercalci- fied zone does not exist in persistent teeth as those of rodent. Detailed observations of rodent dentin and that of some other animals with persistent teeth will soon be published by SERA. The present study revealed some variations in the development of the peritubular hypercalcified zones within the tooth. Namely, the peritubular hypercalcified zones in the crown dentin were better formed than in the root dentin. ATKINSON and HARCOURT (1961) failed to show the peritubular hypercalcified zones in human root dentin. Apparently the variations in the appearance of the peritubular hypercalcified zones in the crown and the root dentins may be explained by the formation process of the peritubular calcified zone and the direction of dentinal tubules. SIO-KAWA and his coworkers (1965) , in a study of the teeth of young dogs, presumed that the dentinal tubules receiving external irritations may gain thicker peritubular hypercalcified zones.
The present study also made it clear that the peritubular zones appeard to be the same in thickness in the anterior and posterior teeth of the jaws.
Among the animals examined in this study, the thickest peritubular hypercalcified zones were observed, as EDA and TAKUMA (1965) described, in herbivora dentin (deer, horse, bovine, etc.) . However, considerably thick zones were also found in omnivora dentin. It may not be indiscriminately stated that the extent of the peritubular hypercalcified zones were attributable to the eating habits of the animals. ISOKAWA et al. (1965) described the zones were less developed in the dentin of young dogs than in the older ones. However, when the peritubular hypercalcified zones of old dog tooth dentin were compared with those of pony or calf dentin, the latter showed thicker zones. Thus, the extent of development of the peritubular hypercalcified zones seems to depend rather more on the species of animal than on the age.
The deciduous teeth of the bovine, deer and goat were taken from young animals and their roots were unformed. The crowns, however, showed already distinct hypercalcified zones around the dentinal tubules, in spite of the youngness of the dentin. It was also reported by VAN HUYSEN (1961) and HARCOURT (1964) that the same was the case in human young successional tooth dentin.
Summary
The walls of the dentinal tubules of the teeth of 18 mammalian species were observed by historadiography and the following findings were obtained.
1. The historadiographs clearly showed a peritubular hypercalcified zone in all examined animals, except for the two species of rodent. It may be concluded that this zone is a normal structure in the mammalian teeth.
2. The zones of root dentin were thinner than those of crown dentin in the same tooth.
3. There were no differences in the occurrence and extent of the zones between the anterior and posterior teeth in the same jaws.
4. The development of the zone does not seem associated with or attributable to the eating habits of animals.
5. The zones in older mammals were more clearly demarcated than those of younger ones.
6. The extent of the zone is variable among different kinds of animal. 7. Dentin of deciduous teeth including unerupted developing ones also showed the zone.
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